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57) ABSTRACT 
An analog/digital converter in the present invention 
compares sequentially with respect to the elapse of time 
an inputted analog signal with multiple-bit signals cor 
responding to reference voltages of multiple levels so as 
to output a digital signal. The analog/digital converter 
includes a shift register for tracking the termination of 
the comparisons of each bit signal at every bit with the 
elapse of time, a selector for sequentially storing in an 
internal register select shift register bits representing 
comparison termination signals, and a central process 
ing unit for selecting one of the termination signals 
stored in the internal register so as to output it to the 
flag register. The termination signal may be output to 
the flag register before digital conversion is complete 
thereby enabling the CPU to prepare to read the final 
result while digital conversion is still being performed. 

7 Claims, 6 Drawing Sheets 
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FIG. 5 PRIOR ART 
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FIG. 6 PRIOR ART 
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1. 

ANALOG/DIGITAL CONVERTER WITH 
ADVANCED CONVERSION TERMINATION 

NOTCE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to an analog/digital 

converter (hereinafter referred to as A/D converter), 
and more particularly to a single chip microcomputer 
having a built-in A/D converter. 

2. Description of the Prior Art 
FIG. 4 is a block diagram showing a sequential com 

parative type A/D converter in a prior art. In FIG. 4, 
numeral 1 represents an analog input, numeral 2 repre 
sents a comparator, numeral 3 represents a CPU for 
controlling, numeral 4 represents a register for storing 
ending flag, numeral 5 represents a SAR (serial approxi 
mation register), numeral 6 represents a D/A converter 
as a reference voltage generator, numeral 7 represents 
an interrupt request signal, and numeral 8 represents a 
reference voltage output (Vref) for comparing. The 
A/D converter is of 10 bits. Numeral 9 indicates a digi 
tal parallel output signal and numeral 10 indicates a data 
bus. 
The SAR 5, for example, is provided with a shift 

register 11 of 10 bits and counts comparing steps from 
the most significant bit to the least significant bit. At 
every proceeding of the comparing bits, count value of 
the shift register 11 also increases to the right direction, 
and outputs a carry flag F to the register 4 when the 
comparisons of the 10 bits are terminated. The SAR 5 
outputs an interrupt signal 7 after the termination of 
A/D conversion. 

Next, the operation will be explained referring to 
timing charts in FIGS. 5 and 6. In the sequential com 
parative type A/D converter, the comparisons with the 
analog input 1 are performed one bit by one bit starting 
from the most significant bit in the SAR 5. At the time 
when the comparisons of all bits are terminated, the 
ending flag F is set in the register 4 and outputs an 
interrupt request signal E if necessary. FIG. 5 is a tim 
ing chart showing a case where the ending flag F is 
used. The CPU 3 polls the ending flag F with a pulse C 
of its own bus cycle T, and reads out a digital signal 
(conversion result) after the termination is confirmed. 
On the other hand, a clock of the A/D converter is of 
a cycle t as shown at a pulse D, and the shift register 11 
shifts with this clock speed. The relationship between 
the cycle T of the polling pulse C and the cycle t of the 
clock pulse D is Te2t and the clock frequency of the 
A/D converter is made to be high. FIG. 6 is a timing 
chart showing a case where the interrupt is used. After 
the A/D conversion is terminated, the interrupt request 
signal E is outputted. The CPU 3 branches into inter 
rupt routines after saving of necessary contents of the 
register to the stack. The necessary minimum time P is 
consumed for saving the register, and the digital signal 
9 is read out in the interrupt routine. 

Since the conventional A/D converter is constructed 
as the above description, when the ending flag Fis to be 
polled by the bus cycle as shown in FIG. 5, a delay time 
more than 1 bus cycle (1t) at the lowest will be gener 
ated until the digital output signal is read out after ter 
mination of the A/D conversion (10t). Since the flag F 
is confirmed with a leading read out pulse a and the 
digital signal 9 is read out actually with next read out 
pulse b, a delay TD over the cycle T is generated actu 
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2 
ally. Dependent on instruction system of the CPU 3, an 
operation code fetch occurs after the read-out of the 
ending flag Funtil the digital signal 9 is read out, so that 
there is possibility to produce a large delay time. Also in 
the case where the interrupt request signal E is to be 
used as shown in FIG. 6, a larger delay time Tp will be 
generated since the minimum pulse width for register 
saving is P. 

SUMMARY OF THE INVENTION 

The object of the present invention, in view of the 
above-mentioned problem, is to provide an A/D con 
verter in which the above described delay times TD and 
Tp can be shortened as much as possible and the time for 
A/D conversion can be curtailed. That is, an effect 
same as in a high speed A/D conversion can be ob 
tained. 
The analog/digital converter according to the pres 

ent invention is for comparing sequentially an inputted 
analog signal with multiple-bit signals corresponding to 
reference voltages of multiple levels in respect to elapse 
of time, and outputting a digital signal, comprising: a 
shift register for detecting termination of comparisons 
of said each bit signal at every bit in respect to elapse of 
time; a selector for recording detected termination sig 
nals sequentially and outputting as an ending flag one of 
the termination signals in accordance with a command 
from control means; and a flag register for storing the 
ending flag from said selector. 
The above and other objects, features, and advan 

tages of the invention will become more apparent from 
the following description when taken in conjunction 
with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram showing an embodiment of 

an A/D converter according to the present invention. 
FIG. 2 is a diagram showing an operation sequence in 

first embodiment of the A/D converter according to 
the present invention. 
FIG. 3 is a diagram showing an operation sequence in 

2nd embodiment of the A/D converter according to the 
present invention. 
FIG. 4 is a block diagram showing an example of a 

conventional A/D converter. 
FIG. 5 is a diagram showing an operation sequence of 

the conventional A/D converter. 
FIG. 6 is a diagram showing the operation sequence 

of the conventional A/D converter. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Embodiments of the present invention will be ex 
plained hereinafter referring to FIGS. 1-3. Parts same 
as or corresponding to the parts of the conventional 
example shown in FIGS. 4-6 are provided with the 
same reference characters and explanation thereof will 

65 

be omitted. 
FIG. 1 is a block diagram showing an A/D converter 

in the present invention. Referring to FIG. 3, numeral 
13 denotes a selector circuit, numeral 14 denotes a regis 
terfor storing ending flag (flag register), and numeral 15 
denotes a SAR (serial approximation register) as a shift 
register. 
The SAR 15, for example, is provided with a shift 

register 11 of 10 bits for counting comparing steps from 
the most significant bit to the least significant bit. At 
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every proceeding of the comparing bits (to terminate), 
the count value in the shift register 11 also increases to 
the right direction. In the Figure, the left side indicates 
a high order bit and the right side indicates a low order 
bit. The selector circuit 13 is provided with a carry 
signal i from zero order bit in the shift register 11, with 
a signal j of count value "1" from 1st order bit, and with 
a signalk of the count value "1" from 2nd order bit. The 
selector circuit 13 is controlled by the CPU 3 as a con 
trol means, and outputs to the register 14 one of these 
signals i,j, and k as an ending flag. The selector circuit 
13 is provided with internal registers iR, jR, kR of 3 bits 
for storing the signals i,j, and k of the count values upon 
detection thereoffrom the shift register 11. The SAR 15 
outputs the interrupt request signal 7 from a little before 
the termination of the A/D conversion to the termina 
tion. 
The operation will next be explained referring to 

FIGS. 2 and 3. The sequential type A/D converter 
compares 1 bit by 1 bit with the analog input 1 starting 
from the most significant 9th bit in the SAR 15 so as to 
perform digital conversion. On the other hand, the 
clock of the A/D converter is the cycle t as shown at 
the pulse D and the shift register 11 shifts with this 
clock speed. Also, the relationship between the cycle T 
of the polling pulse C and the cycle t of the clock pulse 
D is Te2t, and the clock frequency of the A/D con 
verger is made to be high. 

Referring to FIG. 2, the CPU 3 commands the selec 
tor circuit 13 to select the signal k of the count value 
"1" of the 2nd order bit from the register kR. Conse 
quently, the signalk prior to the termination of the A/D 
conversion by 2 bits is set in the register 14 as an ending 
flag F before termination of time 2t. Then, the read out 
pulse a of the polling pulse C confirms a deemed ending 
flag F which has been previously set. During the time T 
until next read out pulse b appears, the A/D converter 
compares the 1st and zero order bit with the analog 
input during the time 2t, and the A/D conversion termi 
nates entirely. Since the terminating time of the A/D 
conversion and the next read out pulse b are quite ap 
proximate in respect to elapse of time, the digital signal 
(conversion result) will be read out after a short delay 
time TG (TD). 

Referring to FIG. 2, although the contents of the 
SAR 15 is decided after the termination of the A/D 
conversion, the ending flag F is considered to be de 
cided prior to the time of termination of the A/D con 
version by 1 bus cycle. Accordingly, after the termina 
tion of the A/D conversion, a waiting time until the 
CPU 3 obtains a conversion result is shortened by 1 bus 
cycle T. 
According to the above-mentioned first embodiment, 

the ending flag F is set prior to 1 bus cycle, so that the 
delay time until the read-out of the conversion result 
can be made minimum which provides the same effect 
as the shortening the time for the A/D conversion. 

In this first embodiment, the ending flag F is set ear 
lier by 1 bus cycle. That is, the flag Fis to be set as early 
as possible in a range where the contents of the SAR 15 
is not read out before actual termination of the A/D 
conversion (undefined area) dependent on the cycle T 
of the polling pulse C outputted by the CPU 3. 

In addition, although the A/D conversion termina 
tion bit is mentioned in the above-mentioned embodi 
ment, an A/D activation bit may be employed if it has 
the same function. 
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4. 
Referring to the time chart in FIG. 3, a case where 

the interrupt request signal His used (2nd embodiment) 
will be explained hereinafter. In this case, the CPU 3 
calculates the necessary minimum time P to be con 
sumed for saving the contents of the register necessary 
previously in the stack. The CPU 3 gives a command to 
the SAR 15 to output earlier the interrupt request signal 
H within the range of the register saving time P. Since 
the interrupt request signal His to be outputted after a 
dummy or actual termination of the A/D conversion, 
the CPU 3 selects the count value of the shift register 
11, for example, the signal k within the range of the time 
P. The selector circuit 13 is controlled by the CPU 3, 
value of the internal register kR is regarded as an ending 
flag Fso as to be stored in the flag register 14 before the 
time 2t. The CPU 3 makes the SAR 15 to output the 
interrupt request signal Hearlier by the time 2t in accor 
dance with the deemed ending flag F. Then, the saving 
of the contents of the register begins earlier so that the 
A/D conversion will also be terminated at about the 
same time as the termination of the saving. Confirming 
the termination of the saving, the CPU 3 starts to read 
out the digital signal 9 with the read out pulse C of the 
bus cycle. 
The reason why the saving time of the register is 

estimated to be the least value is to terminate also the 
A/D conversion without fail before the termination of 
the saving. If the interrupt request signal His outputted 
prior to this minimum saving time P, the digital signal 9 
can be read out without fail with the read out pulsed 
immediately after the termination of the saving. The 
waiting time To until the read-out at this time will be 
shortened widely comparing to the prior art. If the 
interrupt request signal His outputted prior to the maxi 
mum saving time by PMAX, when the actual saving 
time becomes shorter than the PMAX, the read out 
pulse C is generated before the termination of the A/D 
conversion, making the digital signal 9 remain unde 
fined. 

Referring to FIG. 3, although the contents of the 
SAR 15 is decided after the termination of the A/D 
conversion, the interrupt request signal His outputted 
prior to the termination of the A/D conversion by the 
time P which is necessary for the CPU 3 to save the 
contents of the register to the stack. Accordingly, after 
the termination of the A/D conversion, the waiting 
time TG until the CPU 3 obtains the conversion result is 
shortened by the time P necessary for saving the regis 
te. 

In the above-mentioned 2nd embodiment, the inter 
rupt request signal His outputted before the termination 
of the conversion, so that the delay time until the read 
out of the conversion result can be made minimum 
providing the same effect as shortening the time for the 
A/D conversion. 

In the above 2nd embodiment, the CPU 3 outputs the 
interrupt request signal H earlier by the time P neces 
sary for the CPU 3 to save the register. That is, it is to 
be outputted as early as possible within the range where 
the contents of the SAR 15 is not to be read out at the 
time of undefined area in accordance with the cycle T 
of the polling pulse C outputted from the CPU 3. 

Also, although the case of the interrupt request signal 
in the above 2nd embodiment has been described, any 
other control signals which transmit the termination of 
the A/D conversion to the CPU or other module such 
as DMA controller can be adapted. 



5,229,770 
5 

As has been described above, the A/D converter of 
the present invention compares sequentially the input 
ted analog signal with multiple-bit signals correspond 
ing to reference voltages of multiple levels in respect to 
elapse of time and outputs the digital signal: comprising 
the shift register for detecting termination of compari 
sons of said each bit signal at every bit in respect to 
elapse of time; the selector for recording detected termi 
nation signals sequentially and for outputting one of the 
termination signals as an ending flag; the flag register 
for storing the ending flag from said selector. As a re 
sult, the time for A/D conversion will be shortened. 
That is, the same effect as in a high speed A/D conver 
sion can be obtained in the A/D converter of the pres 
ent invention. 
What is claimed is: 
1. An analog/digital converter for performing an 

analog to digital conversion by comparing sequentially 
with respect to the elapse of time an inputted analog 
signal with multiple-bit signals corresponding to refer 
ence voltages of multiple levels so as to output a digital 
signal, comprising: 

a serial approximation register containing a shift reg 
ister for detecting terminations of comparisons of 
said each bit signal at every bit with respect to the 
elapse of time; 

a selector for recording detected termination signals 
sequentially and outputting as an ending flag one of 
the termination signals in accordance with a com 
mand from a control means; and 
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6 
a flag register for storing the ending flag from said 

selector. 
2. The analog/digital converter according to claim 1, 

wherein the shift register is consisted of a shift register 
of 10 bits. 

3. The analog/digital converter according to claim 1, 
wherein the control means is consisted of a central 
processing unit. 

4. The analog/digital converter according to claim 1 
or 2, wherein the selector is provided with an internal 
register of 3 bits for storing values of 3 bits, from low 
zero order to low 2nd order, in the shift register. 

5. The analog/digital converter according to claim 4, 
wherein the control means outputs the termination sig 
nal originating from the low 2nd order bit of the shift 
register and stored in the internal register of the selector 
to the flag register as an ending flag. 

6. The analog/digital converter according to claim 3, 
wherein the central processing unit calculates a neces 
sary minimum time P to be consumed for saving con 
tents of a register in a stack, selects the ending flag 
within a range of the register saving time P, and enables 
said serial approximation register to output an interrupt 
signal in accordance with the selected ending flag. 

7. The analog/digital converter according to claim 3, 
wherein the central processing unit outputs the termina 
tion signal originating from a low 2nd order bit of the 
shift register and recorded in the selector, to the flag 
register as an ending flag. 

k is 


